The aim of the present study was to determine impacts of different additives on fatty acid composition and total tocopherol content of cottonseed oil during deep-frying process using a chemometric approach. A quarter-fractional factorial design with two levels and five factors was used for preparing the frying cottonseed oil blends. In the experimental design, additives were such as ascorbic palmitate, mixed tocopherols, dimethylpolysiloxane, lecithin, and sesame oil were used as factors. The effect of additives on fatty acid composition and tocopherol content were evaluated with normal distribution (ND) graphs during ten hours frying at 170 ± 5°C. The data were statistically assessed by one-way analysis of variance at a significance level of p < 0.05. The analysis of variance test results were in good agreement with ND graphs and data indicated that the interaction between ascorbic palmitate and dimethylpolysiloxane (A × C factor) showed a significant and protective effect on fatty acids. Meanwhile, the sesame oil (E factor) and A × C factor were showed a significant effect on level of tocopherols. The results of study indicated that present approach could be used to assess and improve the frying stability of any oil with respect to fatty acid composition and tocopherols.
INTRODUCTION
Deep-fat frying is the most common quick food preparation technique, which is widely used in homes, restaurants, and food manufacturing industries. It converts the food materials into something more attractive and delicious. During the frying process, material is dipped in oil and heated at high temperature usually in between 150-190°C. Due to high temperature, the physicochemical and sensory properties of oil are changed due to the formation of various undesirable harmful compounds. Therefore, quality and stability of frying oil is decreased with the increase of frying time. [1, 2] During frying, vegetable oils undergo various processes such as oxidation, hydrolysis, and polymerization which lead to deterioration of frying oil with the formation of new products such as free fatty acids, hydroperoxide, and plymers and changes occurred in fatty acid composition (FAC), cis to trans fatty acid (TFA) ratio and level of bioactive compounds. [3] As a result, these parameters have an inverse effect on the shelf life and quality parameters of oils. [4] Several studies reported that FAC and tocopherols are important features of different frying vegetable oils which have great impacts on flavor and stability of fried foods. [5] [6] [7] The previous studies show that oxidation occurs more quickly in highly unsaturated oils than the less unsaturated one. Therefore, saturated and hydrogenated oils are frequently used for frying applications, despite their health negative effects. [8] [9] [10] Tocopherols are natural occurring potent antioxidants that help to prevent the oxidation of unsaturated fatty acids (USFAs). Tocopherols including α-, β-, γ-, and δhomologous are considered to be high anti-oxidants. [11] [12] [13] Tocopherols play an anti-oxidative role during frying process by preventing oxidation process. [14] But tocopherol species are lost along with extended frying time and the oxidation rate of USFAs is increased.
During the frying application it is important to monitor the losses of tocopherols for assessing the deterioration in vegetable oils. It has been reported that at frying temperatures, the losses of tocopherols and decrease of unsaturation occur with increase of frying cycles. [6] Among most of the common vegetable oils, cottonseed oil (CSO) is considered to be more stable oil, due to unique FAC and significant level of tocopherols (~1000 mg/kg oil). However, refining process reduces the level of tocopherols. CSO is included in the preferred oils for frying applications, and has a 2:1 ratio of polyunsaturated fatty acids (PUFA) to saturated fatty acids (SFAs). Its FA profile generally consists of 70% USFAs (18% oleic and 52% linoleic) and 26% SFAs. The SFAs provides a degree of stability to the oil that makes it suitable for frying applications. CSO is also rich in natural tocopherols and antioxidants. Therefore, these natural antioxidants are retained at high levels in fried products and responsible for longer shelf life of products. [15] [16] [17] [18] [19] In order to improve stability of frying oils; emulsifiers, natural and synthetic antioxidants, antipolymerizing, anti-spattering, and anti-foaming agents have been used to protect them from oxidation. Commercial rapeseed, sunflower, corn, palm, and hydrogenated vegetable oils are chosen for frying applications. Regarding these circumstances, excellent frying performance has been noted for those vegetable oils which contain the maximum number of antioxidants. [20, 21] Due to the nutritional and health related issues, many efforts have also been made to develop stable frying oil formulations using several additives. The main purpose of the present study was to develop new formulations for frying oil by preparing blends with CSO and different types of additives using quarter-fractional factorial design (Q-FFD) chemometric approaches. This study was focused on the stability of refined CSO and its blends-with various additives and impacts of additives on FAC and tocopherol contents during the frying process.
EXPERIMENTAL PROCEDURES

Materials
Samples
A refined, bleached, and deodorized CSO sample was obtained from Helvacizade edible oil refinery company (Konya, Turkey). The frozen pre-fried French fries (Superfresh, Turkey) were obtained from the local market of Konya, Turkey. Additives used for preparing the frying CSO CHEMOMETRIC DESIGN OF COTTONSEED OILS WITH ADDITIVES blends; ascorbic palmitate, mix tocopherols (containing equal amounts of alpha, beta, delta, and gamma tocopherols), dimethylpolysiloxane (DMPS), lecithin, and cold-pressed sesame oil were acquired from different companies.
Chemicals and standards
All chemicals, reagents, and solvents used in the study were of gas chromatography (GC) and high performance liquid chromatography (HPLC) grade. Hexane, acetone, acetonitrile, methanol, phosphoric acid, and potassium hydroxide (KOH) were purchased from Merck (Darmstadt, Germany) and Sigma Aldrich (Buchs, Switzerland). Pure standards of tocopherols (DL-α-tocopherol, (+)-βtocopherol, (+)-δ-tocopherol, and (+)-γ-tocopherol; 99%, HPLC purity) and FA standards mixtures (G003886 SUPELCO), were obtained from Sigma Chemical Co. (St. Louis, MO).
Experimental Design Study for Preparing the Frying CSO Blends
Food additives; ascorbic palmitate (A), mixed tocopherols (B), DMPS (C), lecithin (D), and coldpressed sesame oil (E), were added into the refined CSO immediately prior to frying operations according to experimental design study. A Q-FFD with two levels and five factors was used to estimate the impact of additives on tocopherols and FAC changes during the deep-frying process. Five variables would give 2 5 = 32 training data set; however, a two-level and five factors Q-FFD corresponds to 2 5 /4 = 8 training data set (frying CSO blends). The experimental design of the present study and level of food additives are shown in Table 1 . In experimental design table, five factors; ascorbic palmitate (A), mix tocopherol (B), DMPS (C), lecitin (D), and cold-pressed sesame oil (E) were varied at two levels, a high (+1) and low (-1) level, and the levels were assigned according to European unity statute and Turk nutrient codex.
TABLE 1 Q-FFD factorial design and concentration levels of the additives for the CSO blends
Quarter-fractional factorial design, Q-FFD
Antioxidant-1
Antioxidant-2 Anti-foaming Anti-spattering Emulsifier 
Frying Procedure
The frying experiments were conducted using 2 L capacity of Tefal Oleoclean fryer (Rumilly, France). Frying procedures were carried out at 170 ± 5°C for 10 h continuously in a day. During the frying period, no additional fresh CSO was added. When the required temperature was reached, 8% frozen French fries/oil were introduced into hot oil and fried for 8 min. During the frying process, the lid of the fryer was closed while the basket was immersed into the hot oil. After 8 min, fried French fries were removed and the frying operation was continued for a new potato sample. With eight different frying CSO blends and one refined CSO, a total of nine frying experiments were carried out for 10 h without interruption. In order to determine the frying performance of CSO blends, 50 mL of oil was taken after each hour and cooled at room temperature. The frying procedure was performed according to the previous study. [19] The samples were stored in a refrigerator in brown glass-stoppered flasks to avoid further chemical changes and filtered with 0.45 µm pore size filter before chromatographic analyses.
Analytical Methods
Determination of FAs by gas chromatography-flame ionization detector (GC-FID)
Analysis of FAC was carried out by Agilent 6890 series GC system (Agilent Technologies, USA) fitted with a capillary column packed with 100% cyanopropyl methyl polysiloxane (Supelco SP-2380 model, 60 m × 250 µm × 0.2 µm i.d.; Bellefonte, PA, USA) and equipped with a flame ionization detector. Before FAC analyses, oil samples were converted to fatty acid methyl esters (FAMEs). In brief, 0.1 g of the frying oil sample was weighed in a sample tube and dissolved in 10 mL hexane. Then 1 mL of 2 N potassium hydroxide in methanol was added and shaken for one minute before the centrifugation procedure. After centrifugation, the clear supernatant was transferred to a GC auto-sampler vials.
One μL FAMEs were injected into the GC-FID system using an auto-sampler with a split ratio of 100:1. The oven initial temperature was set at 50°C for 2 min and then increased at a rate of 4°C /min up to 240°C, where it was held for 10 min. Both the injector and the detector temperatures were set at 250°C. The flow rate of carrier gas (hydrogen) and make-up gas (nitrogen) was set at 1 mL/min -1 . The data were recorded using the Agilent ChemStation data processor. FAMEs peaks were identified by comparison with retention times of known standards (Sigma Chemical Co.) and quantification was determined as the percent area of each peak relative to the sum of all peak areas. All analyses were conducted in duplicate and results are provided as average values.
Determination of tocopherol by high performance liquid chromatography-fluorescence detector (HPLC-FLD)
The contents of tocopherol isomers (α-, β-, γ-, and δ-tocopherols) in oil samples were determined directly by reversed-phase HPLC technique. Tocopherols were analyzed by Agilent 1200 Series HPLC system (Agilent Technologies, USA) equipped with AGT-G1354A model quaternary pump with degasser, AGT-G1321A model fluorescence detector (FLD) with a xenon discharge lamp (λ Ex : 295 nm, λ Em : 330 nm), AGT-G1316B model thermostatted column compartment and AGT-G1328B model manual injector systems.
By this procedure, the 1 g of frying oil samples and 10 mL of acetone (HPLC grade) were added into the test tube and shaken for 30 s. After shaking, the samples were filtered with 0.45 µm pore size, using a 20 µL manual loop system. Finally, the samples were injected into the HPLC-FLD system directly. Chromatographic separation of tocopherol was achieved by Hypersil ODS 5 μm, 250 mm × 4.6 mm i.d., (Hewlett-Packard, USA) column. A mobile phase (48% MeCN-48% methanol-4% water) containing 0.2 mL phosphoric acid was used at the rate of 1.5 mL/min -1 . All data were collected and recorded by using of Agilent ChemStation 2001-2008 data processor. Tocopherols were identified by comparing their retention times with those of pure standards of α-, β-, γ-, and δ-tocopherols, and were quantified on the basis of the peak area of the standards using calibration curves and results were expressed in parts per million (ppm). The analysis was performed in triplicate for each sample and the average values were reported.
Statistical Analysis
The results were expressed as the means of three determinations and the standard deviations. The statistical significant differences were obtained at a p < 0.05. The data were collected and recorded by using Agilent ChemStation 2001 and 2008 data processors and the statistical evaluation of the results was carried out using Microsoft Excel, 2007. Significant differences were identified between the additives using analysis of variance (ANOVA) and F-tests for multiple comparisons at 95% confidence level.
RESULTS AND DISCUSSION
Changes in FAC of the Frying CSO Blends
In order to evaluate the quality of frying fats and oils, oxidative stability is an important parameter. The oxidative stability of frying oils is also related to their FA profiles and the degradation of USFAs take place at higher temperature and longer frying time. [4] In this study, different CSO blends were prepared with different concentration of ascorbic palmitate (A), tocopherols (B), DMPS (C), lecithin (D), and cold-pressed sesame oil (E) to check the stability of frying CSO. The FAC of CSO is appropriate in terms of health benefits when used for frying applications CSO has significant level of PUFAs (54.01%) including linoleic (18:2Δ9c,12c, omega-6) and linolenic (18:3Δ9c, 12c, 15c, omega-3) acids. The sum of monounsaturated and SFAs were found to be 19.92 and 23.75%, respectively. Monounsaturated includes oleic acid (18:1Δ9c), while SFAs include myristic (C14:0), palmitic acid (16:0), and stearic acid (C18:0) as shown in Table 2 . FAC of deodorized CSO obtained in the present study lies within the official as specified in the Turkish Standard Codex TS 887; ICS 67.200.10. [22] Olive oil could be used for frying, as it is more stable at frying temperatures, but the high cost restricts for frying applications. [23] In recent years, to improve oxidative stability and healthier properties, many efforts have been made in European countries to develop new frying oil formulations using several additives. [4] The changes in FAC of the developed new frying CSO blends were monitored during deepfrying process and data shown in Table 2 . During the frying applications, a significant decrease was observed for the content of linoleic and linolenic acids, and also a distinct increase was observed for the content of TFAs. The total SFAs (myristic, palmitic, stearic, and arachidonic acids) were increased from 23.57 to 26.10% from fresh (deodorized CSO) to 10th h (8th blended) oils. Whereas, PUFAs were decreased from 54.27% (fresh oil from deodorized CSO) to 50.77% (10 h from 8th blended) during the continuous frying processes. Therefore, ratio of total PUFAs to SFAs (∑PUFA/∑SFA) was decreased from 3.09 to 2.77 from fresh (deodorized CSO) to 10th h (8th blended) frying period as shown in Table 1 and Fig. 1 . Table 2 shows the calculated oxidizability (Cox) values of the frying CSO blends and this was computed by the percentage of unsaturated C18 FAs by applying the Eq. (1) as proposed by Fatemi and Hammond, [24] and for all CSO blends. A linear decrease of Cox values was observed with the frying time. Means within a column are significantly different (p < 0.05); Values are reported as means ± SD of three replicate analyses (n = 3); Significant differences were identified between the additives using analysis of variance (ANOVA) and F-tests for multiple comparisons at 95% confidence level;
SFA: Saturated fatty acids, MUFA: mono unsaturated fatty acids, PUFA: polyunsaturated fatty acids; Cox value: calculated oxidizability value. Figure 1 shows the oxidation of FAs increases with the decrease of unsaturation in the frying CSO samples. The ratio of linoleic/linolenic (PUFA) to palmitic acid (SFA) is measured to be applicable indicators of the level of deterioration. [25, 26] In Table 2 , results show a significant decrease of ∑PUFA/∑SFA ratio at 5th and minimum at 2nd and 7th frying oil blends from 3.09 to 2.68% and 3.09 to 2.78%, respectively, during frying at 170°C. Cox values (the index of the oil oxidation stability) showed good correlation with ∑PUFA/∑SFA ratios. Among the CSO blends, the 2nd and 5th frying oil blend showed the highest and lowest Cox value from 5.80 to 5.49% and 5.80 to 5.35%, respectively, at the end of the 10 h frying process. During repetition of the frying process and high temperature, the amount of TFAs was increased. In frying oil blends, the TFAs as linoelaidic acid (18:2Δ9c, 12t, and 18:2Δ9t, 12c) were identified and increased from 0.26 (fresh deodorized CSO) to 0.57% (10th hour from 8th blended) oils. The results of the reported studies shows that prolonged frying process at high temperature may increase the TFAs concentration [20, 21] and supported the outcome of present work. Table 2 clearly shows that increased the amounts of TFAs and decreased the values of total tocopherols were observed during frying process. Several researchers have investigated the relationship between TFA intake and coronary heart disease risks. Therefore, the maximum allowable limit (MLA) of TFAs in European countries is <1%. [27] In the present study, the correlation between the changes in FAC and tocopherol content, concentration and kind of additives in frying oil blended samples by chemometric approach, [28] was established by using Q-FFD. The analyzed data of the results (chemometric approaches, study of the regression models, etc.) was performed using Excel (Microsoft, 2007) database. Regression analysis was performed, based on the experimental data, and was fitted into an empirical second order polynomial model as shown below in Eq. (2);
where, "y" represents the response variable, the ∑PUFA/∑SFA and ∑ tocopherol values for FAC and tocopherol analyses, respectively. β 0 is a constant which shows where the line intersects the y-
The rate of ∑PUFA/∑SFA during frying time for fresh deodorized CSO.
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axis and allows the average impact of the factors, β A , β B , β C , β D , and β E are regression coefficients for the variables, namely the slope of the line, β AC and β ABC are the regression coefficients for the interaction of first and third variables, respectively. The Q-FFD was used and in this design the alias of the main impacts was available. So, β A , β B , β C , β D , and β E regression coefficients for the main impacts were confounded by the impacts of the binary and ternary interactions. However, the main impacts are generally more dominant than the binary and ternary impacts and it is assumed that regression coefficients of the impacts are derived from the main impacts. In order to evaluate the impacts of the additives on the frying performance of CSO blends, the ∑PUFA/∑SFA data, obtained from the beginning and end of the frying process were utilized as response factors. Regression coefficient matrix was composed for each CSO blends using response factor data. The results of the empirical second-order polynomial model (theoretical predicted values) were given for FAC analysis by following Eq. (3) and the quality of the fitted model's statistical significance was checked by an ANOVA test.
y ¼ À 2:749 À 0:011 Â X C þ 0:026 Â X AC À 0:009 Â X ABC
To evaluate the impacts of additives, ND curves were used. The curves for FAC and tocopherol analyses were plotted (Fig. 2) Figure 2 using probability values (P) calculated by Eq. (4), where q is the ranking order of the effect and n is the number of factors, and data of regression coefficient matrix given in Table 3 .
The ND graph for FAC analyses (Fig. 2a) , showing the impacts of additives as a point form, the spots directly away from the linear line are thought to be more effective on the changes of FA profile in terms of ∑PUFA/∑SFA values during the frying process. The more points directly away from the linear line, and showed the effects of these changes. In present study, the impacts of C (DMPS), AC (Ascorbic palmitate × DMPS) and ABC (Ascorbic palmitate × Mix Tocopherol × 
2784
DMPS) factors, points directly away from the linear line, were evaluated to be compatible with the polynomial model Eq. (3), for the changes in the ∑PUFA/∑SFA values. The effect of the "AC" factor was +0.026 × 2 = +0.052 unit and this positive effect represents that "AC" factor has protective effect according to the average decrease (-2.749 × 2 = -5.498 unit) of the ∑PUFA/∑SFA value. In order to verify of ND results, ANOVA test was applied to all data obtained from FAC analyses at 95% confidence level as given in supplemental Table 1 . As can be seen from supplemental Table 1 , the ANOVA test was in agreement with the ND graph taking consideration of the F critical value for the impact of the A × C factors. The ANOVA test results of the FAC also indicated the impact of AC (Ascorbic palmitate × DMPS) factor is significant.
Changes in Tocopherol Profile of the Frying CSO Blends
Indeed, the FAC alone may not adequately explain the oxidative stability and quality of frying oils. In other words, oxidative stability of the frying oils depends on their FAC and the content of unsaponifiable minor components, especially tocopherol content. [29] Tocopherols are significant minor constituents in vegetable oils, acting as natural antioxidants and considered to be responsible to control the rate of oxidative degradation. Antioxidant activity of tocopherols is related with number of mechanisms, including scavenging active oxygen species and free radicals, and through action as efficient chain terminators in auto-oxidation reactions. [30] Several researchers reported that the addition of the food additives especially antioxidants significantly improved the oxidative stability of the frying oil and extended the usage life of the frying oils. [9, 29, 31] The changes in tocopherol content of the frying CSO blends, including additives in different concentrations, during deep-frying process are presented in Table 4 , the level of ∑ tocopherols per 1000 g oils studied. For all frying CSO blends, a linear increase of the loss in total tocopherol contents with frying time was observed. After 10 h frying process, it could be noticed ( Fig. 3 ) that there were significant losses of tocopherols. It has been already reported that oils heated at frying temperatures degrade more quickly in the presence of more oxygen and water and in absence or low level of tocopherols. [32] At the end of the frying processes, the total tocopherol contents of the frying CSO blends are shown in Table 4 . The highest tocopherol loss was detected in the 6th CSO blend (66.53%) the lowest was in 7th CSO blend (14.21%). When the importance of tocopherols as antioxidants in higher levels was considered, the 6th CSO blend was expected to exhibit greater oxidative stability compared to the other CSO blends. Slow degradation of Means within a column are significantly different (p < 0.05); Values are reported as means ± SD of three replicate analyses (n = 3); Significant differences were identified between the additives using analysis of variance (ANOVA) and F-tests for multiple comparisons at 95% confidence level.
tocopherols can improve the storage stability of fried food products and present better nutritional values.
To establish the impacts of the additives on the frying performance of CSO blends, the tocopherol analyses results, HPLC-FLD system data, obtained from the beginning and end of the frying process were utilized as response factors, ∑ tocopherol values. Regression coefficient matrix was composed for each CSO blends using response factor data. The results of the polynomial model were presented for tocopherol analysis by following Eq. (5) and to evaluate the impacts of additives, ND curves were used. The curves for tocopherol analyses were plotted (Fig. 2b) . y ¼ À1380:670 À 122:710 Â X E þ 508:363 Â X AC (5) The ND graph for tocopherol analyses (Fig. 2b) , the spots directly away from the linear line are thought to be more effective on the changes of tocopherol content during the frying processes. In the present research, the impacts of A (Ascorbic palmitate), E (mix Tocopherol × DMPS) and A × C (Ascorbic palmitate × DMPS) factors were evaluated and found to in good agreement with the polynomial model Eq. (5) for the changes in the ∑ tocopherol value. The effect of "E" factor was -122.710 × 2 = -245.420 unit and this negative effect represents that "E" factor has a precipitating effect for the average decrease (-1380.670 x 2 = -2761.34 unit) of ∑ tocopherol content. Whereas, the effect of "A × C" factor was +508.363 × 2 = +1016.726 unit and this positive effect represents that "A × C" factor has a protective effect according to the average decrease.
At the same time, the quality of the fitted model's statistical significance was checked by an ANOVA test in supplemental Table 1 . ANOVA test was in good agreement with the ND graph, taking consideration of the F critical values, for the impact of the E and A × C factors. The ANOVA test results of the tocopherol analyses also indicated that, the impact of E and A × C factors is significant with 13.7810 and 236.5199 F critical values, respectively. 
CHEMOMETRIC DESIGN OF COTTONSEED OILS WITH ADDITIVES
